WORLD INTCLLHC^mAL PROPIiR-n' ORGANIZATION 
International Bureau 




PCX 

INTERNA^nONAL APPLICATION PUBLISHED UNDER llIE PATENT COOPERATION TREAl^^ (PCT) 



(51) International Patent Classification ^ : 
B24B 37/04, B24D 3/10 



Al 



(U) International Publication Number: 
(43) International Publication Date: 



WO 99/10129 

4 March 1999 (04.03.99) 



(21) International Application Number; PCT/US98/ 17720 

(22) International Filing Date: 26 August 1998 (26.08.98) 



(30) Priority Data: 

97 ] 16804.0 
60/081,722 



26 August 1997 (26.08.97) CN 
14 April 1998 (14.04.98) US 



(71)f72) Applicant and Inventor: WANG, Ning [CN/US]; 78 
Washinglon Street, Harrison, NJ 07029 (US). 

(74) Agents: JACKSON. David, A. et al.; Klaubcr & Jackson, 41 1 
H;ickcnsack Avenue, Hackensack, NJ 07601 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA. BB, BG, BR, 
BY, CA, CH, CN, CU, CZ. DE, DK, EE, ES, Fl, GB. GE, 
GH. GM, HR, IIU. ID, IL, IS, JP, KE. KG, KP, KR, KZ, 
LC, LK, LR, LS, LT. LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, 
TM, TR, TT. UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE. LS, MW, SD, SZ, UG, ZW). Eurasian patent 
(AM, AZ, BY, KG. KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IF, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CP, CG, CI, 
CM, GA, GN, GW, ML, MR. NE, SN, 1T>, TG). 



Published 

With international search report. 



(54) Title: A PAD FOR CHEMICAL-MECHANICAL POLISHING AND APPARATUS AND METHODS OF MANUFACTURE 
THEREOF 



(57) Abstract 

A polishing pad is provided for chemical-mechanical polishing widely used in the semiconductor industry. The pad material is 
hexagonal boron nitride and its composite. Tlie pad is in the shape of a disc, a ring, or any plate having one or more openings. Tlie pad 
can have a configuration of cither two layers or three layers. The abrasive particles may be or may not be added in the pad materials. The 
high modulus of the pad leads to a high planarization within a die. The flexible design of the pad leads to a high polishing uniformity 
within a wafer surface. 



codes used to identify States patty to the PCT on the front 



FOR THE PURPOSES OF INFORMATION ONLY 

pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


AM 


Armenia 


AT 


Austria. 


AU 


Australia 


AZ 


Azerbaijan 


BA 


Bosnia and Heniegovina 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republ 


CG 


Congo 


CH 


Switzerland 


CI 


C6te d'lvoire 


CM 


Cameroon 


CN 


China 


CU 


Cuba 


CZ 


Czccli Republic 


DE 


Germany 


OK 


DeninarV: 


KK 


Estonia 



ES 

Fl 

Fft 

GA 

GB 

GE 

GH 

GN 

GR 

IW 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

LC 

LI 

LK 

LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kaiakstan 

Saint Lucia 

Liccluenstein 

Sri Lanka 

Liberia 



LS Lesotho 

LT Lithuania 

L\j Luxembourg 

LV Latvia 

MC Monaco 

MD Republic of Mo!dova 

\IG Madagascar 

MK The former Yugoslav 

Republic of Macedonia 

ML Mali 

Mongolia 

MR Mauritania 

M\V Malawi 

MX Mexico 

ME Niger 

NL Netherlands 

NO Norway 

New Zealand 

PL Poland 

PT Portugal 

HO Romania 

R\j Russian Federation 

SO Sudan 

SE Sweden 

SG Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TO 


Togo 


TJ 


Tajikistan ■ 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of Amc 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



wo 99/10129 



F'CT/US98/I7720 



A PAD FOR CHEMICAL-MECHANICAL POLISHING AND APPARATUS AND 
METHODS OF MANUFACTURE THEI^OF 

TECHNICAL FIELD 

Tlie present innovation relates to devices used in the scniiconductor industry for manufacture 
5 of semiconductor chips and devices, and in particular to pads for chemical-mechanical 
polishing of silicon wafers and dielectric and conductive materials formed on the wafer. 
More specifically the invention relates to the application of high purity hexagonal boron 
nitride (h-BN) and composites of h-BN and other ceramics whh a porous structure in 
chemical-mechanical polishing, as well as methods of processing and manufacture thereof. 



10 BACKGROUND OF THE INVENTION 

Chemical-mechanical polishing is widely used in the semiconductor industry. Generally, 
integrated circuit (IC) chips are fabricated on silicon wafers. Transistors are made on the 
polished water surface by a scries of processing procedures, of which photolithography is the 
primary step. The oxidation of silicon, the deposition of dielectric and conductive materials, 
I 5 masking, etching, and the like are also included. 

Polishing materials can not be metals due to the potential for causing a short circuit. A pad is 
also not made of normal ceramics, which are so hard that they can cause scratching on the 
surface of a wafer. Polymers include thermosetting and thermoplastic resins, elastomer (such 
as rubber), and biopolyniers (such as proteins). At present, thcnuosetting resins are 
20 extensively used as pad material. Polyurcthane foam with open pores is the most popular 
pad material. One of the disadvantages of polymer materials, especially foam materials, is 
their lack of rigidity. Deformation of the pad makes the die surface rough. Dishing occurs on 
the surfaces of softer materials and lower portions of the patterns. This disadvantage makes 
the next processing procedure difficult, or sometimes even impossible. 
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caused by differences in thickness and torsion of the crystal structure. This fluctuaiion is 
normally less than 1 0 micron on the whole wafer surface (10-20 cm), which is much larger 
than the polished thickness (1 micron or less). During polishing, especially when the pad is 
hard, some portions of the w^afer may be undcrpolished, and other portions may be 
5 overpolished due to roughness of the w^afer. 

Accordingly, a need exists for the development of an advanced ceramic with sufficiently low 
brittleness and high thermal shock resistance that does not contain metal oxides. A need also 
exists for the developriienl of a low cost manufacturing method for producing inexpensive 
advanced ceramics to make their real-world applications more attractive. A need further 
10 exists for the development' of a polishing pad that combines the qualities of extended useful 
life and improved uniformity in the practice of the polishing process. It is therefore toward 
the fulfillment of these heeds in the semiconductor industry and other related industries that 
the present invention is directied. 

DESCRIPTION OF PRIOR ART 

15 The following discvission is provided for review of the stale of the art, and includes reference 
to Figures 1-4. Accordingly, Fig. 1 is a schematic depiction of a silicon wafer in accordance 
with the prior art. The silicon wafer (1 1) may contain several hundred chip dies (12). The 
high density areas of transistor^ (13) are normally on the central portion of the dies, and the 
low^ density areas (14) are normally on the edge portion of the dies. For the interconnection of 

20 transistors; dielectric and conductive materials' arc alternately deposited on the wafer. The 
deposition procedure is followed by etching and polishing procedures. The polishing 
procedure leads to a planarization effect on the surface, which is necessary for the successful 
performance of the next processing procedure. Fig. 2 is a schematic depiction of the 
intcrcomiection layer on the wafer after deposition processing. Refemng to Fig. 2. ceramic 

25 (metal) pattern (22) already exists on the wafer (20) before a metal (ceramic) layer (21) is 

deposited on the pattern layer. The top surface is -not fiat, which is caused by different height 
on the patterned surface. Fig. 3 is a schematic depiction of structure in Fig. 2 after the 
performance of chemical-mechanical polishing (CMP). The surface of the ceramic (metal) 
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SiO,. using a reaction of B.O3 with Ai203 and Vu SijN^. The mechanical properties of these 
composites show a strong anisotropy caused by the anisotrop)' of tlic h-BN crystal The 
thermal conductivity of the h-BN-AlN composite shows up to 10 fold difference at difterent 
directions. The mixtures of B2O3 with AKO, and/or Si^'N^^ powder were compressed at a 
5 temperature lower than lOOO'^C, and then sintered at a temperature over 1600''C. The 

majority of the h-BN composites described in the above publications contain metal oxides as 
sintering additives, hi one experiment of Coblenz et al. (J. Am. Ccrani. Soc, Vol. 71, No. 12, 
pp. 1080-1085) where Si^N^ is' reacted with B.O^to fomi SiO. and BN, the resultant 
composite is characterized as a composite of ceramics and glass. Its continuous glass phase 
10 makes it very different in behavior from ceramic composites. 

Al! of the references discussed above fail to appreciate or suggest the special needs and 
objects relevant to the methods and the associated polishing pad as applied to semiconductor 
wafer surface fmishing. 

SUMMARY OF THE INVENTION 

1 5 ' In one aspect, the present invention is related to the use of hexagonal boron nitride (h-BN) 
and composites including h-BN as polishing pad material. Its higher modulus than that of 
synthetic polymeric material makes a pad more rigid, wiiich in turn, when used in chemical- 
mechanical polishing in the semiconductor industry, leads to a high planarity'on the die 
surface. The hardness of hexagonal boron nitride is much lower than that of normal 

20 ceramics, which keeps scratching from occurring on the die surface. 

The present invention also provides polishing pad constructions particularly w^ell suited for 
the processing of silicon wafer surfaces. The polishing layer comprises one or more polishing 
blocks, preferably having a polygonal shape, which are made of hexagonal boron nitride or its 
composite. This new polishing layer has a high rigidity which leads to a high planarity on the 
25 die surface. In the case of a multi-block pad, the blocks arc mounted with certain gaps 

between one another on the elastic la>xr or a rigid thin layer, which in turn is mounted on tlie 
elastic layer. The elastic layer may be cither an intact or continuous la\'er disposed o\'er the 
entire base, or may be separated with similar gaps. Deformation of the elastic la>'er during 
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the polishing process allows the separated blocks to adjust their individual positions in order 
to adapt to the fluctuating configuration of the wafer surface, which produces a high polishing 
uniformity on the whole wafer surface. The rigid thin layer decreases the possibility and 
extent of unwanted impact, when the elastic layer deforms, between the wafer edge and 
5 adjacent polishing blocks due to the difference in height among the blocks underneath the 
wafer and the blocks around the wafer. It also keeps the blocks immediately surrounding the 
wafer edge tilted towards to the wafer edge. 

Accordingly, and in a first embodiment of the present invention, a polishing pad is disclosed 
which comprises: 
1 0 (a) a rigid base or substrate; and 

(b) at least one polishing block mounted on said substrate, said block having a height 
of 1-50 mm and an elastic modulus of at least 1 GPa. 

In a further embodiment of the invention, a polishing pad is disclosed which comprises: 
(a) a rigid base or substrate; 
15 (b) an elastic layer mounted on said substrate, said elastic layer being 0.1-10 mm 

thick; and 

(c) at least one polishing block fixed on said elastic layer with adhesives, said block 
having a height of 1-50 mm and an elastic modulus of at least 1 GPa. 

In a yet further embodiment of the invention, a polishing pad is further disclosed which 
20 comprises: 

(a) a rigid base or substrate; 

(b) an elastic layer mounted on said substrate, said elastic layer being 0.1-2 mm thick; 

(c) a thin layer mounted on said elastic layer, said thin layer having a thickness from 
0.01 mm to 1 .0 mm and an elastic modulus of at least 1 Gpa; and 

25 (d) at least one polishing block fixed on said elastic layer with adhesives, said block 

having a height of 1-50 mm and an elastic modulus of at least 1 GPa. 

More particularly, said thin layer is made of rigid or resilient material polymer or 

metal. 
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The present invention also provides a polishing pad comprising compressed granules. 

Tlie present invention also provides a polishing pad comprising at least one groove on the free 
surface of said block. 

The present invention further provides a polishing pad comprising a pore-fonning material. 

5 It is further an object of the present invention to provide a apparatus for polishing comprising 
one or more polishing pads which in turn have at least one opening. The introduction of 
opcning(s) into polishmg pad will facilitate polishing slurry flow so that more even polishing 
rate will be achieved. Such an apparatus for polishing further comprises: 

(a) a rotating platen on which said polishing pad is fixed: 
10 (b) a pluraht>- of wafer holders; 

(c) a pressing, displacing, and rotating structure: and 

(d) a slun-> supplier. 

It is another object of the present invention tb provide new' processing methods of making a 
pad contamin^ hexagonal boron nitride or its composite, how porosity of such a pad makes 
15 the composite rigid', and its large' pore size provides sufficient draining ability. 

In particular, a method of making a pure hexagonal boron nitride pad is disclosed, which 
comprises: 

(a ) pressing a quantity of nano powder of hexagonal boron nitride in a mold; 

(b) sintering said hexagonal boron nitride from Step (a) in a nitrogen atmosphere at a 
20 temperature between 1 600 to 2300^^0^ for a period of time betw^ecn 1 hour and over 10 hours. 

A pore-forming material may be mixed with said hexagonal boron nitride before said 
pressing Step (a). 

Anothei method of making a hexagonal boron nitride pad is disclosed, which comprises: 
(ay mixing ceramic powder with a solution having a boron-containing compound: 
25 lb) stirring said mixture from Step (a): 

(c) heating said mixture from Step (b) to over 200''C; 
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id] pressing said mixture from Step (c) in a mold at a temperature between room 
temperature and 450°C under a pressure between 30 MPa and over 200 MPa; 

(c) sintering said mixture from Step (d) in a nitriding furnace wherein ammonia is 
used as a reaction gas at a temperature between 450''C and 990°C; 

5 A method of making hexagonal boron nitride composite for polishing is further disclosed, 
which comprises: 

(a) mixing hexagonal boron nitride and a polymer; 
( b) granulating the mixture of Step (a): and 

(c) forming the granulate of Step (b), and curing the resulting formed composite. 
1 0 Particularly, a hot w^ater treatment may be performed after granulation which 

comprises: 

(a) mixing granules from said granulation in hot water; 

(b) stirring said mixture from Step (a); and 

(c) cooling said mixture from Step (b). 

1 5 More particularly, said granulation step comprises: 

(a) dissolving one or more polymers and one or more curing additives in an organic 
solvent; 

(b ) mixing of ceramic particles and surfactant in said solution of (a); 
(c) drying of said mixture from Step (b); 
20 (d ) loading and stirring said mixture from Step (c) m hot water; 

, (e) cooling said mixture from Step (d); and . . 
(f) filtering, flashing, drying said mixture from Step (e). 

A hot water treatment may be perfomied after drying in Step (f) above, which comprises: 
(a) mixing granules from said granulation step in hot water; 
25 (b) stirring said mixture from Step (a); and , 

(c) cooling said mixture from Step (b). 

In a further and important aspect of the invention., a coating step to be perfomied following 
said granulation step is further disclosed, which comprises: 
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fa) mixing granules from said granulation with an organic solution of a coating 
polymer. 

(b) loading the mixture from Step (a) into water; and 

(c) stirring said mixture from Step ^b). 

5 A hot water treatment for improving granular structure is also disclosed, which comprises: 



Finally, a method of making granules in manufacture of composite materials is also disclosed, 
1 0 w^iich comprises: 

(a) dissolving one or more polymers and one or more curing additives in an organic 
solvent; 



A coating step may be fuilher performed followmg said Step (0 above, comprising: 

(a) mixing granules from said granulation with an organic solution of a coating 
20 polymer; 

(b) loading the mixture from Step (a) into water; and 

(c) stiixing said mixture from Step (b). 

Other objects and advantages will become apparent to those skilled in the art from a review 
the ensuing speciTication taken in conjuction with the following illustrative drawings. 



(a) mixing granules from granulation in hot water; 

(b) stirring said mixture \vom Step (a); 

(c) cooling said mixture from Step (b). 



15 



(b) mixing of ceramic particles and surfactant in said solution of (a); 

(c) drying of said mixture from Step (b); 

(dj loading,' and stirring said mixture from Step (c) in hot water; 

(e) cooling said mixture from Step (d); and 

(f) filtering, flashing, and dryn^g said mixture from Step (c). 



25 



BRIEF DESCRIPTION OF THK 1)RA^V^^CS 



FIGURE 1 is a schematic depiction of a silicon wafer with chip dies. 
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FIGURE 2 is a cross sectional view of the wafer with pattern and deposit layer before 
poHshing. 

FIGURE 3 is a cross sectional view of the structure in Fig. 2 after polishing. 

FIGURE 4 is a schematic view of the basic design of the polishing pad and apparatus. 

5 FIGURE 5 is a schematic view of a ring-type polishing pad. 

FIGURE 6 IS a cross sectional view of a two-layer structured polishing pad. ■ 

FIGURE 7 is a cross sectional view of a three-layer structured polishing pad. 

FIGURE 8 is a cross .sectional view of a four-layer structured polishing pad: (A) the pad; (B) 
the schematic of dcforniaiion of the pad under the pressure of wafer, 

10 FIGURE 9 schematically illustrates processing procedures of a poli.shing.pad made of hard 
spheres with soil coating; ( A) a hard sphere or granule; (B) a hard sphere or granule with a 
soft coating; (C) a cross section view of a polishing pad containing such spheres or granules. 

nrTAU.FT) D FSrKTPTI ON OF T HE- INVENTION 

The polishing pad widely used in the semiconductor industry is in the form of a single plate 
1 5 as shown in Fig. 4. The present invention includes tlrree types of new polishing pads. 

Hexagonal boron nitride (h-BN), is used as a pad material which enhances the properties of 
the composites of pad materials. 

The first type is shown in Fig. 6. This type of polishing pad comprises one or more polishing 
blocks (61) having an elastic modulus of at least 1 GPa. The block is preferably made of 
20 he.xagonal boron nitride or its composite. The block is polygonally shaped, and is mounted as 
with adhesives on a ba.se or substrate (62) made of rigid material such as stainless steel. The 
hexagon shape is preferred for the block. The lateral si^e of the polygon is from 5 mm to 100 
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mm, which sliould be larger than that of a die on a wafer. The height of the block is from 1 
mm to 50 mm. It is preferred that more than one block is used. The gap between adjacent 
blocks is preferably from 0,1 mm to 10 mm. The gap between the blocks can work as a 
trench which supply and drain the pohshing slurry and polishing by-products. On the top 
5 surface of a block, one or more grooves may be made to help the slurry flow. 

The second type of new polishing pad is shown in Fig. 7. It is the same as the first type 
excepl that a elastic layer (73) is inserted between the blocks (61 ) and the rigid substrate (62). 
The thickness of the elastic layer is from 0,1 mm to 10 mm. The clastic layer can be a whole 
plate of elastic materials such as polymer and rubber covering the entire base. It may also be 

10 separated underneath each polishing block. The larger lateral size of a block than that of a die 
ensures a high degree of planarization effect on the surface of each die. Dunirg the polishing 
process, the elastic layer is compressed under a downward force. Fluctuation in wafer 
configuration makes the magnitude and direction of the pressure variable on different blocks. 
Delbi-mation of the elastic layer underneath the blotk will allow each block to independently 

15 follow the instant configuration of a wafer surface. This provides a high polishing uniformity 
on the whole Wafer surface, regardless of anV topographic fluctuation prior to the pohshing 
' process. ' ;.■ 

The four-layer polishing pad is shown in Fig. 8A. It has the same structure as the three-layer 
pad except that a thin rigid layer made 6f material such^as polymer or metal (84) is inserted 

20 between the polishing blocks (61) and the elastic layer (73). This thin layer has high rigidity 
or resilience. Its thickness is from 0.01 mm to 1 .0 mm. Its modulus is at least 1 GPa. When 
the wafer is loaded with a downward force (86) as shown in Fig. 8B, the polishing block(s) 
directl}- underneath the wafer (85) will be depressed lower tb.aivother adjacent polishing 
blocks immediately suiTounding the wafer edge. This difference mi polishing block height 

25 may lead to impact bciwecn the wafer edge and the blocks immediately sun'ounding the wafer 
during the rotation ofthc wafer and pad. • By inti^oducing the rigid thin layer (84) layer 
between the polishing block(s) (61) and the elastic layer (73). those adjacent hlock(s) around 
the wafer edge will afso be pulled or forced down during wafer rotation as shown in Fig. SR. 
which decreases the height difference among the polishing blocks directly underneath the 

30 wafer (85) and the surrounding blocks. On the other hand, these immediately adjacent blocks 
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will till towards the wafer edge as shown in Fig. 8B. This pulling effect of the rigid thin 
layer decreases the probability and extent of the impact between wafer edge and its 
surrounding polishing blocks. 

A polishing pad (51) can bring better slurry flow and more even polishing rate than a 
5 conventional disc pad currently used in the field when it has one or more openings in it, such 
as in the simple case of a ring-shaped pad exemplified in Fig. 5. The lateral displacement of 
the wafer (44) holder (45), controlled by rotating and displacing apparatus (46), makes the 
fringe portion of the wafer move outside the inner or outer edge of the pad, which decreases 
the polishing rate on the fringe portion of the wafer. After a careful adjustment of the 
1 0 distance and speed of the lateral displacement of the wafer holder, the uneven polishing rate 
on the fringe poilion and the central portion of a wafer can be significantly decreased or 
nearly eliminated. 

The present invention further relates to the use of pure hexagonal boron nitride or a 
composite of hexagonal boron nitride, e,g. with a polymer material and/or an inorganic 

1 5 material, to make the block or blocks of a polishing pad which, as a result, has high rigidity 
and yet low^ enough hardness so that no scratching will occur on the surface of a wafer. More 
particularly, the composite may be prepared from and may comprise hexagonal boron nitride, 
a polymer, and other inorganic materials, including ceramics. Further and by way of non- 
limiting example, such ceramics may include compounds of molybdenum and tungsten, and 

20 particularly, molybdenum disulfide (MpS,), molybdenum diselenide (MoSe,), molybdenum 
ditelluride MoTe2), tungsten disulfide (WS,), and tungsten ditelluride (WTe,). These latter 
materials exhibit a hardness that is reduced from that of h-BN and can serve in this capacity, 
as solid lubricants in the final composite article. The amount of these materials to be 
included may vary within the parameters for the inorganic material component as reched later 

25 on herein. - 

Refen-ing further to the method of making the polishing pad, the common sintering method 
for the preparation of hexagonal boron nitride parts uses boron oxide and metal oxides as 
sintering additives. Metal oxides have high hardness, and will lead to scratches on the wafer 
surface. In the present invention, pure hex^igonal boron nitride is used instead. A pure 
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hexagonal boron nitride pad can be produced, e.g. by a method such as that described as 
follows below. 

The first method is high temperature sintering of nano powder of hexagonal boron nitride 
without metal oxide additives. Hexagonal boron nitride with a nano size (less than 100 
5 nanometer) has larger surface energy than normal ceramics, which leads to a much better 

sinterability. A new^ sintering process of producing pure hexagonal boron nitride part without 
the metal oxides as additives is presented herein. Nano powder of hexagonal boron nitride is 
pressed in a mold. The green body is then sintered in a nitrogen atmospliere at a temperature 
between 1600 to 2300°C for a period of time between 1 hour and over 10 hours. 'In a 

1 0 particular embodiment, a temperature of 1 900-2000X and sintering time of 3 to 5 hours are 
preferred. At higli temperature, hexagonal boron nitride powder connects together 'and grows 
up via solid diffusion. The density of the sintered product depends on the density of the green 
bod\'. A lubricant liquid mixed wath the raw^ powder before pressing can increase primary 
density. Water and organic liquids such as acetone may be used as the lubricants. To 

1 5 increase strength of the product, carbon is used to reduce the boron oxide on the surface df 

the hexagonal boron nitride powder. The raw poWder is mixed with a solution of a surfactant 
and an organic compound such as glucose. ' ' 

After drying by a'process such as spray dry ing/the pow'dcr surface is coated with a thin layer 
of an organic compound. The powder is then heated in an inert atmosphere at a temperature 

20 of 200-600'^C. After the pyrolytic reaction of the organic compound, very fine carbon 

particles are left on the surface of the hexagonal boron nitride powder. During the sintering 
process, these carbon particles can reduce the boron oxide naturally produced on the surface 
of hexagonal boron nitride. The amount of carbon may r^lnge from 0.1% to 5%, with 1-2% 
of carbon content being preferred. The porosity of the product is from 35% to 55%, 

25 depending on the density before sintering. The rupture strength is from 10 to abox'c 20 MPa. 

Anotiier method to produce a boron nitride pad is the bonding of boron oxide by a mtriding 
reaction. Ceramic powder is mixed with a solution of boric acid or other boron containing 
compounds. Hot water is preferred as the solvent. Other organic solvents such as acetone 
and the like are also available. The mixing process is prefcrabb" performed with a stirring of 
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the mixture. The mixture is next dried to remove the solvent. Then the dried mixture is 
further heated up to over 200°C to make boric acid or other boron containing compounds 
discomposed into boric oxide. The mixture of boron oxide with ceramic powders is pressed 
in a mold. Next, the green body is loaded into a nitriding furnace. In the furnace, ammonia is 

5 used as the reaction gas. The nitriding temperature may range from about 450°C to about 
990°C. with a temperature ranging irom about 500°C to about 700°C being preferred. A 
lower temperature will decrease the reaction rate, while a higher temperature will increase the 
loss of boron oxide via evaporation. In the furnace, boron acid reacts with ammonia to 
produce hexagonal boron nitride and water. A set of fans may be used to improve gas flow. 

1 0 The reaction product, hexagonal boron nitride, bonds the ceramics together and forms a 
porous composite. The porosity is from 50% to 25%, depending on forming pressure and 
tempcraun e. The forming temperature is from room temperature to over 450°C (the melting 
point of boron oxide), and the forming pressure is from 30 MPa to over 200 MPa. The 
mixture of boric acid with ceramic powder qan be directly formed in a mold without de-water 

1 5 reaction of boric acid, but in doing so the final porosity will be over 50%. A pure hexagonal 
boron nitride part with high purity and porous structure can be produced by this process when 
hexagonal boron nitride is used as the original ceramic material. 

Abrasives with nano size may also be mixed with boric acid and/or hexagonal bonm nitride 
in a liquid solution (water or organic liquid such as acetone) containing a surfactant such as 
20 silanc couplmg agent, under a strong stirring. This allows the abrasives to be separately 

distributed in the formed slurry. The added amount of the surfactant is from 0 1% to 10% of 
the weight of the inorganic substances, depending the surface area of the inorganic 
compounds. After drying by a process such as spray drying, an evenly distributed mixture is 
ready for sintering or nitriding reaction. 

25 Before sintcrmg or nitriding, pore-forming materials such as latex balls with low 

volatilization point or decomposition temperature can be added into the green body if 
increased amount of large pores is desired. 

l^^urlher with regard to the method of the present invention, a three-step method of making 
composites including hexagonal boron nitride, a polymer material and optionally, other 
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inorganic materials as discussed above, is disclosed herem, which may be used as polishing 
pad materials or in other cases where abrasion of a work piece is desired. 



The first step is mixing of the polymer and hexagonal boron nitride and/or other inorganic 
materials. Regular polymers or their precursors are too sticky to make an evenly distributed 
5 mixture with ceramic particles. To decrease \'iscosity, a solvent such as water or an organic 
solvent is used to dilute the polymer. 

in the second step the mixture is turned into granules. Well known procedures such as spray 
drying, spray cooling, extraction of solvent from emulsion and the like are available. Spray 
drying is inexpensive and is the most popular method. A disadvantage of spray drying is that 
1 0 the dried particles always have defects such as hollow cavities. 

A new procedure ofmaking a granular mixtuie is disclosed as follows, 'fhe raw materials 
are waler insoluble thermosetting polymer or its mixture witli other polymer as well as 
inorganic enliancement such as ceramic powders: The polymer should have a high curing 
temperature, which is prefen-cd to be over lOO'C, Or more preferably over 1 50^^C. Its melting 

1 5 point should be higher than room temperature, but not higher than 1 OO^C. The curing additive 
should also be water insoluble. An organic solvent, such as acetone, is used to dissolve the 
polymer and the curing additive, then the sblution' is mixed with ceramic particles (abrasives 
and/or h-BN) and a surfactant (such as a silanc coupling agent): \\\ater is added in the 
prepared iiiixture in a controlled speed and steps with a stiiring. The soh'cnt, such as acetone. 

20 w^ll be extracted gradually by water, and the solid granules of the mixture will gradually 

form. After removal of the organic solvent, the mixture is loaded in a container of hot w^ater. 
The temperature of the hot water is higher than the melting point of the polymer. Stirring is 
used to make the emulsion of liquid polymer mixture, which forms many droplets of the 
mixture in the hot water. Stirring condition determines the si7x of the droplets. The droplets 

25 will form spheres with little or no voids inside.. The system is then cooled, of which adding 
cold water is a convenient method. When the temperature drops below the melting point of 
the polymer, the droplets transform into the solid granules. After filtering, flashing and 
drying, the granules are ready to be sieved into dificrent groups by size. The granules with a 
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desired size are taken to the next step. The granules with smaller or larger sizes may be 
recycled for further processing. 

The third step is fonning and curing. The granules are loaded in a mold, and pressure is 
applied. Deformation of the granules under pressure brings them into close contact with each 
5 other. Then the green body is cured in a furnace. The volume fraction of the inorganic 

materials may range from about 5% to about 90%. The porosity may range from about 5% to 
about 60%, depending on the fonnmg conditions and the volume fraction, size and shape of 
the inorganic materials. , 

The following procedures are used to improve the structure and function of granules. 

10 (1) Hot water treatment 

The polymer in granules should be water-insoluble, and has a melting point lower than 100°C. 
Primary granules with defects are loaded in the water and stirred, When the temperature of 
the water is over the melting poim of the polymer, the polymer melts, shnnlcs, and 
consequently liquid granules are trausfom^.ed into perfect spheres without or with much less 
1 5 defects such as cracks, voids, and the like. This is followed by cooling which solidifies the 
granules again. 

(2). Granular coating 

Preferably the granules are further coaled with a coating polymer. The coating polymer 
should be water-insoluble and can be used as an adhesive at the curing temperature of the 

20 granules. The same polymer used in the granules is preferred. No or very little hexagonal 
boron nitride is added in the coating polymer. The granules are mixed with an organic 
solution of a coating enhancement such as h-BN or polymer before or after curing. The 
organic solvent in this solution should be water soluble. The mixture is loaded in the water 
and stirred, and an emulsion forms. The organic solvent is then gradually extracted into 

25 water, and at the same tinic the granules are coated with a layer of the polymer. The coated 
granules are then pressed in a mold and cured. 
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Consequently, the surface of the product such as a polishing pad will ha\ c two areas as 
depicted in Fig. 9. The hard area consists of the core portion of the granules (91), while the 
soft area consists of the polymer coating (92) which has lower wear resistance. During 
polishing, a selective wear occurs on the pad surface (94) because of the difference in wear 
5 resistance. Tlie wear rate of the coating portion will be higher, especially under slurr}' 

erosion. The lowered surface of the eroded coating portion fonns an additional groove (95) 
network throughout the whole surface; w^hich improves slurr\' transportation. This grob\-e 
network is continuously and automatically refreshed (formed and re-fornied), and forms a 3- 
dimensiona! network with the open pores (93) inside the blocks. The selective wear of the 
10 pad surface can be adjusted by changing the composition of the coating polymer and/or the 
adding a varying amount of hexagonal boron nitride in an adequate ratio less than in the core. 
Such adjustment can make grooves for improving slurry flow and keep an adequate bonding 
for granules at the same time. The thickness of the coating la\'er is preferably from 10 
microns to 2 mm. 

1 5 The block(s) of polishing pad are made by the above procedures. Cross-linking resins such as 
polyurethane resin, epoxy and the like can bem used to make granules with hexagonal boron 
nitride powders. The volume fraction of hexagonal borDn nitride in core granules show'n in 
Fig. ^A'is from 30% to 60" o; 40-50% is preferred. The particle size of h-BN is from smaller 
than 1 00 nm to above several micron. The granule size is from 10 microns to 5 mm. The 

20 preferred granule size is from 0.1 mm to 0.5 mm in diameter. The high rigidity of the present 
new pad materials comes from the elastic modulus of hexagonal boron nitride highet than that 
of poh'mers. Meanwhile, the present new pad materials also have a lower porosity than that 
of a foam polymer with open pores. In the case of a polishing pad ha\ ing foam materials 
whicli is current in wide use, the porosity is kept as high as 70-80^/o so that a high fraction of 

25 open pores arc mainiained'for slurry flow. I1hs, however, makes the foam structure weak and 
much less rigid. On the other hand, the open pore structure, shown as 93 in Fig. 9, of the new 
pad composite disclosed above ccrmes from the gaps between the adjacent granules. The 
larger the granules, the larger the size of ihc open pores. Tlie porosity of the products can be 
from 20^^ 0 to 40%, which is much less than that in open pore foam materials (70-80^ o) and 

30 makes the composite hard and rigid. 
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The nano abrasive particles, such as oxides including sU.ca and CeO, carbides, nitrides and 
the Hke with a surfactant may be added in the green body in each of the above processing 
methods. Preferably hexagonal boron nitride and an abrasive in nano size such as silica 
pov^der are mixed with a surfactant such:as silane coupling agent and a water insoluble 
5 polymer in an organic solution such as acetone, under a strong stirring. The amount of the 
surfactant added ,s preferably from 0.1% to 10% of the weight of the inorganic compounds. 
A polishing pad with fixed or semi-fixed abrasives will change the polishing process 
parameters. The slurr:/ with abrasives may be replaced by liquid solution or even pure water. 

The present invention will now be further described and illustrated by the following 
1 0 examples, wherein unless expressly stated, all process parameters, units of measurement and 
the like, are intended to have their art recognized meanings. 

r.X AMPLE 1 

The mixture of 40 v% Bfi, and SiC, is nitrided at a temperature of 630°C for 10 hours. On 
15 the surface of the used SiC particles, there is a layer of SiO, which is about 9% of total SiC 
particles. After thenitriding reaction, about a half of B.O,, is transferred into h-BN and 
another half is transferred into a glass of B^Oj and SiO,. 

F.XAMPLE2 

High purity h-BN products with a thickness of 5-6 mm are nitrided in a 10 hour reaction at 
20 630 °C. The primary mixture has a 30 v% of boron oxide. The product formed at room 

temperature and under a pressure of 180 MPa has a porosity of 40-45% and have less, than 1% 
of the residual boron oxide. The product formed at a temperature between 200°C and 460°C 
and under a pressure of 80 MPa has a porosity from 40% to even lower than 30% and have 
1.0-1.5% of residual boron oxide. The rupture strength of both products is 7-10 MPa. If the 
25 residual boron o.xide is not counted as impurity, such h-BN products may be considered pure. 
High purity h-BN products 2-3 mm thick made in accordance with this process has less than 
0.5% residual boron oxide. 
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EXAMPLE 3 

Hexagonal boron nitride with a nano size (less than 100 nanometer) has larger surface energy 
than normal ceramics, which leads to a much better sinterability. Pure hexagonal boron 
nitride part without metal oxides as additives is produced as follows: 

5 Nano powder of hexagonal boron nitride with an average size of 60 nm is pressed in a mold. 
The green body is then sintered in a nitrogen atmosphere at a temperature of 1900-2000^C for 
a period of tune of 3 to 5 hours (1800-2300^C and 1 hour to over 10 hours are available). 
The resultant high purity h-BN products have a rupture strength of 7-10 MPa. 

EXAMPLE 4 

10 The raw h-BN powder with an average size of 60 nm is mixed with a silicane compound 
water solution (0.1% to 10% of the weight of the inorganic substances) and glucose. After 
spray drying, the powder then is heated in an inert atmosphere at a temperature of 200-600°C 
before it is sintered in a nitrogeil atmosphere at a temperature of 1000-2000''C for 3 to 5 
hours. The clmount of pyroH'zed carbon is from 0.1% to 5%, and 1-2% of carbon content is 

1 5 preferred. The porosity of the product h from 35% to 55%. The rupture strength is from 1 0 
to over 20 MPa. The residual boron oxide impurity is less than 0.5%. 

EXAMPLE 5 

Tlie electrically conductive, refractory diboridcs, in particular TiB.. are used as an electrode 
material in high temperature applications. These range from resistive sources for the 
20 vaporization of metals to anode and cathode materials in the production of aluminum. For 
densification of TiB., Nickel (Ni) and boron oxide (B.O,) are used to form a low melting 
point secondary boride' phase. The molten metals such as aluminum will attack these low 
melting point phase and decrease the lifetime of the composite. The following is an improved 
wa\' to prepare ceramic' composites for manufacturing electrodes with an elongated lifetime. 
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Boric acid solution having B.O3 equivalent to 5 v% (up to 50 v% is available) is mixed with 
TiB^and AIN (TiB,:AlN=5:l). The mixture is then dried and heated to above 1 50°C together 
with spray drying to decompose boric acid. The green body is further formed at 200°C under 
a pressure of 80 MPa. A high temperature treatment at 1 700-2 100°C is performed. Then it is 
nitrided at 630°C for 1-5 hours. The product has 0.5-1.0% of residual boron oxide. The high 
temperature treatment can also be performed after the nitriding reaction to increase the 
strength of the composite product. 



Pure h-BN is more advantageous than the composite of h-BN with metal oxides (usually as 
sintering additives) in various fields. Since h-BN has a higher modulus than that of synthetic 
1 0 polymeric material cutrently in wide use, it makes a pad more rigid, which in turn leads to a 
high planarity on the die surface. Clearly h-BN and its composites represent a better choice 
of polishing pad material than pure synthetic polymeric material. 

Another practical application of high purity hexagonal boron nitride ceramic and its 
composites is their use in manufacturing crucibles. An apparent teclinical advantage of h-BN 
1 5 and its composites over other advanced ceramics is its sufficiently low brittleness. h-BN and 
its composites that don't contain metal oxides are further advantageous, compared with other 
mcta! oxide containing ceramics, since they will not cause metal contamination when 
crucibles are used in experiments involving any sample with ultra high purity. 

A pad of the present invention can be used for any other polishing apparatus. It is particularly 
20 useful where a high planarity on the polished surface is desirable, but scratching is not. The 
process of hot water treatment of granules and the method of making granules directly from 
hot water treatment are also very useful in the manufacture of composite materials which may 
include, besides boron nitride composite, composites of polymers such as thermosetting 
resins with or without other inorganic materials such as ceramic powders and short fibers. 

25 This invention may be embodied in other forms or carried out in other ways without departing 
from the spirit or essentia! characteristics thereof The present disclosure is therefore to be 
considered as in all respects illustrative and not restrictive, the scope of the invention being 



HNSfCX-|[..' -.WO. '.-^^10ll«^A1 I > 



wo 99/10129 ' ^ 1>CT/US98/17720 

21 

indicated by the appended Claims, and all changes which come within the meaning and range 
of equivalency are intended to be embraced therein. 
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T CLAIM : 

1 . A polishing pad, which comprises: 

(a) a rigid base or substrate; and 

(b) at least one pohshing block mounted on said substrate, said block having a height 
5 of 1-50 mm and an elastic modulus of at least 1 GPa. 

2. A polishing pad, which comprises: 

(a) a rigid base or substrate; 

(b) an elastic layer mounted on said substrate, said elastic layer being 0.1 -1 0 mm 
thick; and 

1 0 (c) at least one polishing block fixed on said elastic layer with adhesives, said block 

having a height of loO mm and an elastic modulus of at least 1 GPa. 

3. A polishing pad, which comprises: 

(a) a rigid base or substrate; 

(b) an elastic layer mounted on said substrate, said elastic layer being 0.1-2 mm thick; 
15 (c) a thin layer mounted on said elastic layer, said thin layer having a thickness from 

0.01 mm to 1 ,0 mm and an elastic modulus of at least 1 GPa; and 

(d) at least one polishing block fixed on said elastic layer with adhesives. said block 
having a height of 1-50 mm and an elastic modulus of at least 1 GPa. 

4. A polishing pad as in Claim 3, wherein said thin layer is prepared from an organic 
20 polymeric material. 

5. A polishing pad as m Claim 3, wherein said thin layer is, prepared from a metal. 

6. A polishing pad as in Claims 1, 2 or 3, further comprising a surfactant and at least one 
abrasive. 



7. 



A polishing pad as in Claim 6, wherein said surfactant is a silane coupling agent. 
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8. A polishing pad as in Claim 6, wherein said abrasive is selected from the group 
consisting of oxides, carbides, and nitrides. 

9. A polishing pad as in Claims 1, 2 or 3, further comprising alternatively arranged hard 
regions and soft regions on the free surface of said pad. 

5 10. A polishing pad as in Claim 9, wherein said hard regions consist of core portions of 
granules. 

11. A polisinng pad as in Claini ^, vvhcrein said soft regions consist of coatings of a 
water- insoluble polymer. 

12. A polishing pad as in Claim ^, wlierein said hard regions consist of the core portion of 
10 granules and said soft regions consist of coatings outside said core portions of granules. 

13. A polishing pad as in Claims 1, 2 or 3, further comprising a material selected from the 
group consisting of boron nitride and boron nitride composite. 

14. A polishing pad as in Claims 1, 2 oi* 3, wherein said block is a polygonally shaped and 
is prepared from a material'selectcd from Ihd group consisting of boron nitride and boron 

15 nitride composite. 

15. A polishing pad made of a material selected from the groilp consisting of boron nitride 
and boron nitride composite. 

16. A polishing pad as in Claim 15, further comprising at least one 'polygonally shaped 
block made of a material selected from the group consisting of boron nitride and boron nitride 

20 composite. 



1 7. A polishing jxid as in Claim 15 wherein said boron nitride composite comprises at 
least one polymer. 
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18. A polishing pad as in Claim 1 7 wherein said polymer is selected from the group 
consisting of thermosetting resins, thermoplastic resins, and elastomers. 

1 9. A polishing pad as in Claim 1 7 wherein said polymer is selected from the group 
consisting of epoxy and polyurethane. 

5 20. A polishing pad as in Claims 1, 2, 3 or 1 5, further comprising at least one groove on 
the free surface of said block. 

21. A polishing pad as in Claims 1 , 2, 3 or 1 5, further comprising a pore-forming 
material. 

22. A polishing pad as in Claim 18, wherein said pore-forming material is selected from 
1 0 the group consisting of latex and polyurethane. 

23. A polishmg pad as in Claims L 2 or 3, wherein said block has an elastic modulus of at 
least 3 GPa. 

24. A polishing pad comprising compressed granules. 

25. A polishing pad as in Claim 24. w4ierein said granules comprising hard regions and 
1 5 soft regions. 

26. A polishing pad as in Claim 25, wherein said hard regions are granular cores and said 
soft regions comprise polymer coatings. 

27. A polishing pad as in Claim 26, wherein said granular cores comprise a polymer. 

28. A polishing pad as in Claim 27, wherein said granular cores further comprises 
20 inorganic enhancement. 
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29. A polishing pad as in Claim 28, wherein said inorganic enhancement is hexagonal 
boron nitride. 

30. A polishing pad as in Claim 26, wherein said soft regions further comprises inorganic 
enhancement. 

5 31. A poHshing pad as in Claim 30, wherein said inorganic enhancement is hexagonal 
boron nitride. 

32. A polishing pad as in Claim 25, wherein said granules comprising alternatively 
arranged hard regions and soft regions on the free surface of said pad. 

33. Apparatus for polishing comprising at least one pohshing pad as in Clain^s 1, 2, 3 or 
10 15. 

34. Apparatus for polishirig comprising at least one polishing pad. said pad having at least 
one opening through its body. 

35. Apparatus for pohshing as in Claim 34, which further comprises: 
(a) a rotating platen on which said polishing pad is fixed; 

15 (b ) a plurality of wafer holders: 

[c) a pressing, displacing, and rotating structure: and 

(d) a slurry supplier. 

36. A method of making a pure hexagonal boron nitride pad, which comprises: 
(a) pressing nano powder of hexagonal boron nitride in a mold; 

20 ( b) sintering said hexagonal boron nitride from Step (a) in a nitrogen atmosphere at a 

temperature between 1600 to 2300^C tor a period of time between 1 hour and o\'er 10 hours. 



37. A method as in Claim 36, wherein a lubricant liquid is mixed with said hexagonal 
boron nitride before said pressing Step (a). 
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38. A metliod as in Claim 36, wherein the sintering step of Step ( b) is performed for a 
period of time ranging from about 3 to about 5 hours. 

39. A method as in Claim 36, wherein the sintering step of Step (b) is performed at a 
temperature ranging from about 1900 to about 2000°C, 

5 40. A method as in Claim 37, wherein said lubricant Hquid is water. 

41. A method as in Claim 36, which further comprises depositing a layer of carbon 
particles on the surface of said nano powder before said pressing Step (a). 

42. A method as in Claim 4L wherein a solution of a surfactant and an organic compound 
is mixed with said nano powder of hexagonal boron nitride before said pressing Step (a). 

10 43. A method as in Claim 42, wherein said organic compound is glucose. 

44. A method as in Claim 36, wherein a pore-forming material is mixed wath said 
hexagonal boron nitride before said pressing Step (a). 

45. A method of making a hexagonal boron nitride pad, which comprises: 



(c) heating said mixture from Step (b) to over 200°C; 

(d) pressing said mixture from Step (c) in a mold at a temperature between room 
temperature and 450^C under a pressure between 30 MPa and over 200 Mpa; and 

(e) sintering said mixture from Step (d) in a nitriding furnace wherein ammonia is 
20 used as a reaction gas at a temperature between 450°C and 990''C, 

46. A method as in Claim 45, wherein said ceramic powder is hexagonal boron nitride. 

47. A method as in Claim 45, wherein a drying step is performed after stiiTing and before 
heating. 



15 



(a) mixing ceramic powder with a solution having boron containing compound; 

(b) stirring said mixture from Step (a); 
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48. A method as in Claim 47, wherein said ceramic powder is hexagonal boron nitride. 

49. A method of making hexagonal boron nitride composite article for polishing, which 
comprises: 

(a) mixing hexagonal boron nitride and a polymer; 



(c) forming the granulate of Step (b ) into said composite article and curing said article. 

50. A method as in Claim 49. wherein a hot w^atcr treatment is performed after 
granulation, said hot water treatment comprising: 



10 (b) stirring said mixture from Step (a); and 

(c) cooling said mixture from Step (b). 

51. A method as in Claim 49, wherein said granulation step comprises: 

(a) dissolving one or more polymers and one or more curing additives in an organic 
solvent, 

15 (b) mixing of ceramic particles and surfactant in said solution of (a); 



20 52. A method as in Claim 5 1 , wherein a hot water treatment is performed after drying in 



5 



(b) granulating the mixture of Step ( a); and 



(a) mixing granules from said granulation in hot water: 



(c ) drying of said mixture from Step (b): 

(d) loading and stirring said mixture from Step (c) in hot water; 

fe)' cooling said mixture from Step (d); and 

(f) filtering, flashing, drying said mixture from Step (eV 



Step (f). said hot water treatment comprising: 

(a) mixing granules from said granulation step in hot water; 
tb) stiiTing said mixture from Step (a); and 
(c) cooling said mixture from Step (b). 



25 



53. A method as in Claim 49. wherein a coating step is performed following said 
granulation step, said coating comprising: 

(a) curing granules from said granulation: 
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(b) mixing said granules with an organic solution of a coating enhancement; 

(c) loading the mixture from Step (a) into water; and 

(d) stirring said mixture from Step (b). 

54. A method as in Claim 53, wherein said coating polymer is the same polymer used in 
5 said mixing of hexagonal boron nitride and a polymer. 

55. A method as in Claim 53, wherein said coating polymer is an adhesive at the curing 
temperature. 

56. A method as in Claims 50 or 52, w^herein a coating step is performed following 
granulation, said coating comprising: 

10 (a) mixing granules from said granulation with an organic solution of a coating 

polymer; 

(b) loading the mixture from Step (a) into water; and 

(c) stuTing said mixture from Step (b). 

57. A method as in Claim 56, wherein said coating polymer is the same polymer used in 
1 5 said mixing of hexagonal boron nitride and a polymer. 

58. A method as in Claim 56, wherein said coating polymer is an adhesive at the curing 
temperature. 

59. A hot water treatment for improving granular structure, comprismg: 
(a) mixing granules from granulation in hot water; 

20 (b) stirring said mixture from Step (a); 

(c) cooling said mixture from Step (b). 

60. A method of making granules in manufacture of composite materials, which 
comprises: 

(a) dissolving one or more polymers and one or more curing additives in an organic 
25 solvent; 
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(b) mixing of ceramic particles and surfactant in said solution of (a); 

(c) drying of said mixture from Step (b); 

(d) loading and stirring said mixture from Step (c) in hot water; 

(e) cooling said mixture from Step (d); and 

5 (1) tlltering, flashing, and dr>dng said mixture Irom Step (e). 

61 . A method of Claim 60, wherein a coating step is further performed following said 
Step said coating comprising: 

(a ) mixing granules from said granulation w'lih an organic solution of a coating 
polymer; 

10 (b) loading the mixture from Step (a) into water: and 

(c) stirring said mixture from Step (b). 



PCT/US98/17720 

WO 99/10129 



1/5 



FIG. 1 



14- 





n 

1 1 


□ 






/ 1 f 




□ 


□ 


□ 




p 


□ 


□ 


□ 








□ 


□ 

1 


□ 


□ 


□1 




□ 


□ 


□ 


□ 


!/ 








□ 





FIG. 2 




SUBSnnnESHFFTCBHiFZfil 




PCT/IJS98/17720 

2/6 




FIG. 4 




SUBSimrtESllEnpLE26) 



PCT/US98/17720 



3 / -3 



FIG. 5 




51 



mnriKLSIlEEE (aULE26) 



wo 99/10129 ' ' 1'CT/LIS9S/17720 



4/6 



FIG. 6 
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